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Introduction
There was a constructive discussion in NWM (RAN93e-R18Prep-11) on the possible objectives for evolution of duplex operation in Rel-18, with the following conclusions [1].
	1. Rel-18 work plan:
[Non-controversial] Study should be performed first.
[Controversial] Planning of potential follow-up normative work. Continue discussion.
2. Duplex mode:
[Non-controversial] TDD is included in the scope.
[Controversial] Whether FDD will be included in the scope. Continue discussion.
3. Duplex enhancement at gNB only?:
[Non-controversial] Duplex enhancement at gNB is included in the scope.
[Controversial] Whether duplex enhancement at UE will be included in the scope. Continue discussion.
4. [Controversial] Duplex enhancement approaches:
a) Continue discussion whether all of the three identified full duplex schemes (subband non-overlapping, subband overlapping, full overlapping) or a subset of them should be studied.
b) Continue discussion about the need for CLI enhancement on dynamic/flexible TDD.
5. [Non-controversial] Interference management: Organize the study as follows.
a) Study inter-gNB and inter-UE CLI and identify solutions to manage them [RAN1]
b) Study RF requirements considering the self-interference and the inter-operator CLI at gNB [RAN4]
c) Study co-channel and adjacent-channel co-existence with the legacy operation [RAN1/4]. Continue discussion how to organize interaction between RAN1 and RAN4.
6. [Controversial] Deployment scenarios: Continue discussion aiming to narrow down the deployment scenarios to be considered.
7. [Controversial] Frequency range: There was not much discussion on which frequency ranges have to be considered. Continue discussion on the frequency range to be considered.


We fully support the non-controversial part in the above summary. In this contribution, we share our views on some controversial issues, e.g., duplex enhancement approaches, interaction between RAN1 and RAN4, etc.
Discussion
Duplex enhancement approaches
Discussion on the need for subband non-overlapping duplex operation at gNB side
On the one hand, the uplink coverage still needs enhancement for TDD since the uplink duty cycle is limited. On the other hand, more and more UL heavy (e.g., >30Mbps UL data rate) and/or latency sensitive (e.g., ~4ms E2E latency) applications emerge and are pervasive in ToC and ToB deployment scenarios, such as High-Definition (HD) video calls, eXtended Reality (XR) gaming, and monitoring, remote control, auto drive, PLC in Industrial-IoT. Therefore, how to further improve the uplink coverage, improve the uplink capacity and reduce the latency for TDD is very important for the sustainable development of 5G in both ToC and ToB areas.
Subband non-overlapping duplex operation (dividing DL and UL into non-overlapping subbands) could be one of the potential solutions to provide UL coverage improvement, UL capacity improvement and latency reduction.
In this case, gNB can perform simultaneous transmission and reception at the same time but in difference non-overlapping subbands. Half duplex operation is assumed at UE.


Figure 1: Subband non-overlapping full duplex scheme.
A general concept of subband non-overlapping duplex is illustrated in the upper part of Figure 1. As shown in Figure 1. UL-only/DL-only/TDD subbands can be configured in the TDD carrier. Some examples are also given in Figure 1(a)~1(c). In figure 1(a), one DL-only subband and one UL-only subband are configured in the TDD carrier. In figure 1(b), one UL-only subband is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration to reduce the impact of cross-operator interference. In figure 1(c), one TDD subband with a complementary UL/DL configuration is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration.
Observation 1: For subband non-overlapping duplex operation, gNB can perform simultaneous transmission and reception at the same time but in difference non-overlapping subbands.
· Ex1: One DL-only subband and one UL-only subband are configured in the TDD carrier.
· Ex2: One UL-only subband is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration.
· Ex3: One TDD subband with a complementary UL/DL configuration is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration.

If we further consider the UL/DL time-frequency resource partitioning among multiple cells, two cases can be identified.
· Case 1: The same UL/DL time-frequency resource partitioning manner is used among neighbouring cells. In this case, at gNB side, the self-interference and inter-cell cross-link interference are both from different non-overlapping subbands, and are both moderate and manageable. At UE side, the intra-cell and inter-cell cross-link interference are also from different non-overlapping subbands and are both moderate and manageable.
· Case 2: Different time-frequency resource partitioning manners can be used in different cells. In this case, at gNB side, the self-interference is from different non-overlapping subbands while the inter-cell cross-link interference may be from the same subbands and may be difficult to handle. At UE side, the intra-cell cross-link interference is from different non-overlapping subbands while the inter-cell cross-link interference may be from the same subbands, and they may be manageable based on careful scheduling restriction and interference measurement/report.
Therefore, at least for subband non-overlapping duplex operation with Case 1 (the same UL/DL time-frequency resource partitioning manner used among different cells), the self-interference and cross-link interference are moderate and manageable at both gNB side and UE side.
Observation 2: For subband non-overlapping duplex operation, the following cases to be studied.
· Case 1: The same UL/DL time-frequency resource partitioning manner is used among neighbouring cells.
· The self-interference and cross-link interference are moderate and manageable at both gNB side and UE side.
· Case 2: Different time-frequency resource partitioning manners can be used in different cells.
· The self-interference is moderate and manageable at both gNB side and UE side.
· The cross-link interference may be difficult to handle at both gNB side and UE side.

The following benefits are expected to be provided by subband non-overlapping duplex operation. Firstly, latency can be reduced for both UL and DL since both UL and DL resource can be available in more time slots. Secondly, UL coverage can be improved since longer uplink transmission/repetition can be exploited. Thirdly, UL capacity can also be improved based on configuration if more time-frequency resources are configured for UL. Fourth, it is a simpler technology to enable full duplex operation.
Observation 3: For subband non-overlapping duplex operation, the following benefits are expected to be provided.
· Latency reduction for both UL and DL since both UL and DL resource can be available in more time slots.
· UL coverage improvement since longer uplink transmission/repetition can be exploited.
· UL capacity improvement based on configuration if more time-frequency resources are configured for UL.
· Easy to be enabled.

Based on the above discussion, subband non-overlapping duplex operation is one of the potential solutions to provide UL coverage improvement, UL capacity improvement and latency reduction, and it should at least be included in the scope of Rel-18.
Proposal 1: Subband non-overlapping duplex operation should at least be included in the scope of Rel-18. The following cases are to be considered.
· Case 1: The same UL/DL time-frequency resource partitioning manner is used among neighbouring cells.
· Case 2: Different time-frequency resource partitioning manners can be used in different cells.
Discussion on the need for other duplex enhancement approaches
Regarding CLI enhancement on dynamic/flexible TDD, we agree that it is a valid requirement met in the commercial network. For example, in CMCC’s commercial network, TDD network with different TDD DL/UL configurations operating in the same carrier frequency is considered, e.g., macro cell for public service configured with DDDSU, and pico cell for vertical industry configured with more UL slots as DSUUU. Nevertheless, there is similar requirement on CLI enhancement to support subband non-overlapping duplex operation in Case 2 (i.e., different time-frequency resource partitioning manners can be used in different cells). Hence, we prefer to focus on full duplex operation in rel-18, and CLI enhancement can be covered by Case 2 of subband non-overlapping duplex operation, if needed.
Proposal 2: It is preferred to focus on full duplex operation in rel-18. CLI enhancement can be covered by Case 2 of subband non-overlapping duplex operation, if needed.

Regarding full overlapping duplex operation at gNB side, we can recognize the benefits as following:
· Similar benefits achieved by subband non-overlapping duplex operation: UL coverage improvement, UL capacity improvement and latency reduction.
· Additional benefits, including:
· Latency reduction, UL coverage improvement and UL capacity improvement in case of traffic load of UL increased.
· DL latency reduction, DL throughput improvement and resource allocation flexibility improvement.
Note that in isolated scenario, full overlapping duplex operation at gNB side seems feasible. In this case, gNB mainly experiences self-interference from the same sub-bands and UE mainly experiences intra-cell cross-link interference from the same sub-bands. For the self-interference at gNB side, based on our investigation on the industry status of self-interference cancellation capability, it is possible for gNB to mitigate ~120dB self-interference if the transmission power level and antenna number of the gNB are limited (e.g., 31dBm per 100MHz and 2T2R). At UE side, it may be possible to manage only intra-cell cross-link interference based on careful scheduling restriction and interference measurement/report. Hence, we are open to include full overlapping duplex operation at gNB side (focus on isolated scenario) in the scope.
Observation 4: Full overlapping duplex operation at gNB side may be feasible in isolated scenario.
How to organize interaction between RAN1 and RAN4 on interference handling


(a) option 1

 
(b) option 2
Figure 2: Interaction operations between RAN1 and RAN4 for subband non-overlapping duplex operation at gNB side.
Regarding interaction between RAN1 and RAN4 on evaluating the self-interference (SI) and co-channel co-existence with the legacy UE for subband non-overlapping duplex operation at gNB side, the following two options, as shown in Figure 2, can be considered.
· Option 1: Two interaction steps are considered.
· Step 1: RAN4 first study the RF requirements for SI and co-channel co-existence with legacy UE, and make the conclusion on the achievable SI cancellation capability, as well as equivalent SNR loss due to the inter-subband CLI for co-channel co-existence with legacy UE (considering interference from inter-subband leakage).
· Step 2: RAN1 perform system level evaluation based on RAN4’s conclusion.
· Option 2: Four interaction steps are considered.
· Step 1: RAN1 first discuss and conclude on the interesting deployment scenario and subband layout configuration. E.g., DL : UL :DL subband bandwidth = 40MHz : 20MHz : 40MHz, etc.
· Step 2: 
· RAN1 perform the preliminary evaluation based on SI/CLI cancellation capability assumptions. E.g., the residual IoT (interference over thermal) after SI cancellation is 10/5/0/-5/-10 dB. The inter-subband CLI = CLI Rx power – ACS (Adjacent Channel Selectivity). Based on the evaluation, RAN1 conclude a subset of requirement levels for self-interference cancellation capability, which can guarantee the perform gain (i.e., throughput, UPT, etc.) of full duplex operation.
· At the same time, RAN4 discuss on the equivalent SNR loss due to inter-subband CLI.
· Step 3: Based on the input for RAN1 on a subset of requirement levels for self-interference cancellation capability, RAN4 confirm the feasibility.
· Step 4: RAN1 perform the final evaluation with SI/CLI cancellation capability as confirmed by RAN4.

Note that for SI cancellation, significant workload may be expected in RAN4.
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Figure 3: Blocking issue for legacy TDD transceiver architectures.
As shown in Figure 3 (a), there is no subband analog filter in the RF for the legacy TDD transceiver. For subband non-overlapping duplex operation, the legacy TDD receiver at gNB side will receive all the signal power in one frequency band. Assume the Tx power is 31dBm, the circulator provides 20dB isolation, then the self-interference from the circulator leakage is about 31dBm – 20dBm = 11dBm in the frequency band, which is much larger than the maximum receiver input power (assume as -35dBm).
In this case, the ADC may be saturated as shown in Figure 3 (b), resulting in the received signal from UEs cannot be correctly decoded. 
Therefore, for subband non-overlapping duplex operation at gNB side, the legacy TDD transceiver may be blocking due to self-interference.
Observation 5: For subband non-overlapping duplex operation at gNB side, the legacy TDD transceiver may be blocking due to self-interference.


(a) Alt 1: [frequency tuneable] subband analog filter + digital cancellation circuit


(b) Alt 2: RF cancellation circuit + [digital cancellation circuit]
Figure 4: Enhanced transceiver architectures for subband non-overlapping duplex operation.
Therefore, the transceiver architectures at gNB side may need to be enhanced to support subband non-overlapping duplex operation. The following transceiver architectures as shown in Figure 5 can be considered:
· Alt 1: Add [frequency tuneable] subband analog filter before LNA to avoid blocking issue, and involve digital cancellation circuit to mitigate residual self-interference interference.
· Alt 2: At least involve RF cancellation circuit to avoid blocking issue and mitigate self-interference interference.
Observation 6: The transceiver architectures at gNB side may need to be enhanced to support subband non-overlapping duplex operation. The following transceiver architectures can be considered.
· Alt 1: Add [frequency tuneable] subband analog filter before LNA to avoid blocking issue, and involve digital cancellation circuit to mitigate residual self-interference interference.
· Alt 2: At least involve RF cancellation circuit to avoid blocking issue and mitigate self-interference interference.

The detailed discussion for the following issues should be led by RAN4.
· Whether the legacy TDD transceiver can be reused to support subband non-overlapping duplex operation.
· If enhancement on transceiver architecture is needed, design detail.
· The achievable self-interference cancellation capability for the detailed design.

Based on the above discussion, for two steps approaches interaction option (Option 1), there may be a heavy workload in RAN4, since the design target (e.g., requirement on self-interference cancellation capability) is not clear.
On the contrary, RAN4’s workload in four steps approaches interaction option (Option 2) may be reduced since it has clear objectives.
Observation 7: Regarding interaction between RAN1 and RAN4 on evaluating the self-interference (SI) and co-channel co-existence with the legacy UE for subband non-overlapping duplex operation at gNB side, the following two options can be considered.
· Option 1: Two interaction steps are considered.
· Step 1: RAN4 first study the RF requirements for SI and co-channel co-existence with legacy UE, and make the conclusion on the achievable SI cancellation capability, as well as equivalent SNR loss due to the inter-subband CLI for co-channel co-existence with legacy UE(considering interference from inter-subband leakage).
· Step 2: RAN1 perform system level evaluation based on RAN4’s conclusion.
· Option 2: Four interaction steps are considered.
· Step 1: RAN1 first discuss and conclude on the interesting deployment scenario and subband layout configuration.
· Step 2: 
· RAN1 perform the preliminary evaluation based on SI/CLI cancellation capability assumptions. Based on the evaluation, RAN1 conclude a subset of requirement levels for self-interference cancellation capability, which can guarantee the perform gain of full duplex operation.
· At the same time, RAN4 discuss on the equivalent SNR loss due to inter-subband CLI.
· Step 3: Based on the input for RAN1 on a subset of requirement levels for self-interference cancellation capability, RAN4 confirm the feasibility.
· Step 4: RAN1 perform the final evaluation with SI/CLI cancellation capability as confirmed by RAN4.
Others
Whether FDD will be included in the scope
We are a bit negative to FDD band with the following reasons.
1) Compared with subband non-overlapping duplex operation in TDD band, it is hard to justify the latency/coverage gain, since FDD band is already full duplex mode and enough uplink time resources are already available.
2) Full-duplex operation in FDD may raise regulatory concerns.
Therefore, in order to reduce the amount of study/work, it is preferred to not consider FDD in Rel-18.
Proposal 3: Duplex enhancement in FDD band is not considered in Rel-18.
Whether duplex enhancement at UE will be included in the scope
Duplex enhancement at UE should be avoided in Rel-18. It is well-known that it is much harder for UEs to implement full-duplex due to its constraints on size, power and processing capabilities.
Furthermore, even if UE behaviour may be enhanced for Rel-18 UE, the UE hardware impact should be minimized.
Proposal 4: Duplex enhancement at UE is not considered in Rel-18.
Frequency range
FR1 should at least be include in the scope, since it is currently the NR most popular band. We are open to include FR2 in the scope.
Proposal 5: At least duplex enhancement in FR1 is include in Rel-18.
[bookmark: _GoBack]Conclusions
In this contribution, we share our views on some controversial issues, e.g., duplex enhancement approaches, interaction between RAN1 and RAN4, etc.. The observations and proposals are summarised as follows:
Observation 1: For subband non-overlapping duplex operation, gNB can perform simultaneous transmission and reception at the same time but in difference non-overlapping subbands.
· Ex1: One DL-only subband and one UL-only subband are configured in the TDD carrier.
· Ex2: One UL-only subband is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration.
· Ex3: One TDD subband with a complementary UL/DL configuration is configured in the middle part of the TDD carrier on top of the traditional TDD UL/DL configuration.
Observation 2: For subband non-overlapping duplex operation, the following cases to be studied.
· Case 1: The same UL/DL time-frequency resource partitioning manner is used among neighbouring cells.
· The self-interference and cross-link interference are moderate and manageable at both gNB side and UE side.
· Case 2: Different time-frequency resource partitioning manners can be used in different cells.
· The self-interference is moderate and manageable at both gNB side and UE side.
· The cross-link interference may be difficult to handle at both gNB side and UE side.
Observation 3: For subband non-overlapping duplex operation, the following benefits are expected to be provided.
· Latency reduction for both UL and DL since both UL and DL resource can be available in more time slots.
· UL coverage improvement since longer uplink transmission/repetition can be exploited.
· UL capacity improvement based on configuration if more time-frequency resources are configured for UL.
· Easy to be enabled.
Observation 4: Full overlapping duplex operation at gNB side may be feasible in isolated scenario.
Observation 5: For subband non-overlapping duplex operation at gNB side, the legacy TDD transceiver may be blocking due to self-interference.
Observation 6: The transceiver architectures at gNB side may need to be enhanced to support subband non-overlapping duplex operation. The following transceiver architectures can be considered.
· Alt 1: Add [frequency tuneable] subband analog filter before LNA to avoid blocking issue, and involve digital cancellation circuit to mitigate residual self-interference interference.
· Alt 2: At least involve RF cancellation circuit to avoid blocking issue and mitigate self-interference interference.
Observation 7: Regarding interaction between RAN1 and RAN4 on evaluating the self-interference (SI) and co-channel co-existence with the legacy UE for subband non-overlapping duplex operation at gNB side, the following two options can be considered.
· Option 1: Two interaction steps are considered.
· Step 1: RAN4 first study the RF requirements for SI and co-channel co-existence with legacy UE, and make the conclusion on the achievable SI cancellation capability, as well as equivalent SNR loss due to the inter-subband CLI for co-channel co-existence with legacy UE(considering interference from inter-subband leakage).
· Step 2: RAN1 perform system level evaluation based on RAN4’s conclusion.
· Option 2: Four interaction steps are considered.
· Step 1: RAN1 first discuss and conclude on the interesting deployment scenario and subband layout configuration.
· Step 2: 
· RAN1 perform the preliminary evaluation based on SI/CLI cancellation capability assumptions. Based on the evaluation, RAN1 conclude a subset of requirement levels for self-interference cancellation capability, which can guarantee the perform gain of full duplex operation.
· At the same time, RAN4 discuss on the equivalent SNR loss due to inter-subband CLI.
· Step 3: Based on the input for RAN1 on a subset of requirement levels for self-interference cancellation capability, RAN4 confirm the feasibility.
· Step 4: RAN1 perform the final evaluation with SI/CLI cancellation capability as confirmed by RAN4.
Proposal 1: Subband non-overlapping duplex operation should at least be included in the scope of Rel-18. The following cases are to be considered.
· Case 1: The same UL/DL time-frequency resource partitioning manner is used among neighbouring cells.
· Case 2: Different time-frequency resource partitioning manners can be used in different cells.
Proposal 2: It is preferred to focus on full duplex operation in rel-18. CLI enhancement can be covered by Case 2 of subband non-overlapping duplex operation, if needed.
Proposal 3: Duplex enhancement in FDD band is not considered in Rel-18.
Proposal 4: Duplex enhancement at UE is not considered in Rel-18.
Proposal 5: At least duplex enhancement in FR1 is include in Rel-18.
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